Mixing of unfamiliar pigs is a standard management procedure in commercial pig production and is often associated with a period of intense and physically damaging aggression. Aggression is considered a problem for animal welfare and production. The objective of the present paper was to investigate the genetic background of aggressive behavior traits at mixing of unfamiliar gilts under 2 different housing conditions. Therefore, a total of 543 purebred Pietrain gilts, from 2 nucleus farms (farm A: n = 302; farm B: n = 241) of 1 breeding company, were tested at an average age of 214 d (SD 12.2 d) for aggressive behavior by 1 observer. Observations included the frequencies of aggressive attack and reciprocal fighting during mixing with unfamiliar gilts. On farm A 41% of the gilts were purebred Pietrains, whereas 59% were purebred Landrace or Duroc gilts. On the farm B 42% of the gilts were purebred Pietrains, and 58% purebred Large White gilts. The average size of the newly mixed groups of gilts was 28 animals on farm A and 18 animals on farm B. The Pietrain gilts from the 2 herds were genetically closely linked. They were the offspring of 96 sires, with 64% of these sires having tested progeny in both farms. There were clear differences in the housing of the animals between the 2 farms. The test pen on farm A had a solid concrete floor littered with wooden shavings and was equipped with a dry feeder. On farm B there was a partly slatted floor, and the gilts were fed by an electronic sow feeder. Mean space allowance was 2.6 m 2 /gilt on farm A and 3.9 m 2 /gilt on farm B. Although large interindividual differences existed, gilts from farm B performed numerically more aggressive attack (mean 1.12, SD 1.42 vs. mean 0.71, SD 1.20) and reciprocal fighting (mean 0.78, SD 0.98 vs. mean 0.44, SD 0.82) when compared with gilts from farm A. The heritabilities and additive genetic variances for behavioral traits were estimated with a linear animal model and were on a low level in farm A (h 2 = 0.11, SE = 0.07, and σ 2 a = 0.12 for aggressive attack and h 2 = 0.04, SE = 0.07, and σ 2 a = 0.02 for reciprocal fighting) and on a moderate level in farm B (h 2 = 0.29, SE = 0.13, and σ 2 a = 0.44 for aggressive attack and h 2 = 0.33, SE = 0.12, and σ 2 a = 0.27 for reciprocal fighting). For both aggressive attack and reciprocal fighting, genetic correlation of the same trait between farm A and farm B was 1.0. Therefore, aggressive behavior does not seem to be influenced by genotype × environment interactions. Under these circumstances aggressions in group housing can be reduced by genetic selection against aggressive behavior. Therewith, the welfare and health of sows will ultimately increase.
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INTRODUCTION
The mixing of pigs into new social groups is a routine procedure in pig farming. In general, aggression among pigs occurs directly after mixing of unacquainted animals (Mount and Seabrook, 1993; , and it has been suggested that it serves the purpose of establishing a stable rank order (Ewbank, 1976) . Nearly all unfamiliar individuals are involved in agonistic interactions during this period (Mount and Seabrook, 1993) , although Arey and Franklin (1995) suggest that less than half of the possible pairs of unfamiliar pigs engage in fights when mixed. The formation of a stable social hierarchy takes place within 48 h postmixing (Meese and Ewbank, 1973; Arey and Edwards, 1998) . The time to establish a stable rank order could be slowed down by the presence of highly aggressive animals (Erhard et al., 1997) . After the establishment of a stable rank hierarchy, encounters between group members take place only at a minimum level of aggression (Løvendahl et al., 2005) .
Most aggressive encounters, such as nonreciprocal aggression or reciprocal fighting, result in skin lesions and injuries to the animals involved. Social stress and fear generated by mixing (reviewed by Kongsted, 2004) can additionally cause immunosuppression (Tuchscherer and Manteuffel, 2000) . Consequently, aggression and thus social stress lead to decreased welfare and reduced longevity as well as compromised productivity of the animals (reviewed by von Borell et al., 2007; Spoolder et al., 2009) , thus also affecting the profitability of commercial pig production.
Because of these undesirable effects of aggressive behavior, breeding for calm and nonaggressive individuals seems to be a reasonable strategy for reducing aggressive interactions. Aggressiveness in pigs is known to be repeatable over time and across different situations (Jensen et al., 2002; Janczak et al., 2003; D'Eath, 2004) . Previous genetic studies on this subject estimated moderate heritabilities of traits related to aggressive behavior after mixing in pigs (Løvendahl et al., 2005; Hellbrügge, 2007; ). However, constraints include the need to standardize the environment to allow all animals an equal opportunity to show their phenotype (Turner et al., 2010b) . Otherwise, the risk of genotype × environment interactions may affect the success of selection (Turner et al., 2010a) . Forkman et al. (2007) criticized the absence of such standardized behavior tests and missing information about their robustness, that is, the lack of information regarding what aspects can be changed without affecting the validity of the test.
Genotype × environment interactions are well known for a number of traits in pigs (e.g., Merks, 1989; van Diepen and Kennedy, 1989; Guy et al., 2002; Wood et al., 2004; Wallenbeck et al., 2009) . However, there is little information about the influence of environments on the expression of aggressive behavior traits and its corresponding variance components in gilts. Therefore, the objective of the present paper was to investigate aggressive behavior traits at mixing of unfamiliar gilts of a genetically highly connected purebred Pietrain population, tested by the same person under 2 different housing conditions.
MATeRIAlS AND MeThODS
All data collection was done by 1 person from March 2010 to January 2012 on 2 nucleus farms (farms A and B) of the German breeding company BHZP GmbH. Animal care followed the general guidelines outlined in the European animal welfare regulations.
Animals and Housing Conditions
A total of 543 purebred Pietrain (of MHS-genotype NN) gilts, composed of 302 gilts on farm A and 241 gilts on farm B, were tested. The gilts of both farms were genetically closely related; they were the offspring of 280 dams and 96 sires, with 64% of these sires having tested progeny on both farms. Pedigree information contained sires and dams of 4 generations. In total 1,516 animals appeared in the pedigree file. The tested gilts were of similar age (214 d, SD 12.2 d).
Farm A. At the average age of 212 d (SD 14.4 d), 23 to 34 gilts (mean 28.2), which were designated for internal replacements, were moved from the rearing building to a single quarantine pen in the breeding unit. From group housing in the rearing unit, on average, 6 gilts (1 to 15) were acquainted with each other. Each group of newly mixed gilts in the quarantine pen was composed of purebred German Landrace, purebred Pietrain, and purebred Duroc gilts. Pietrain gilts made up an average of 41% (29% to 50%), German Landrace 40% (29% to 50%), and Duroc gilts 19% (12% to 28%) of each test group.
The total space allowance of the quarantine pen, where the observation took place, was 72 m 2 . This implies a mean space allowance per gilt of 2.6 m 2 . The quarantine pen was constructed with a solid concrete floor littered with wooden shavings. The installed feeding system included 3 nipple drinkers and 1 dry feeder (Big Dutchman International GmbH, Vechta, Germany). Gilts were fed a commercial pelleted diet ad libitum (12.2 MJ ME).
Farm B. At the average age of 217 d (SD 17.7 d), 14 to 22 gilts (mean 18.3), which were designated for internal replacements, were moved from the rearing building into a pen in the gestation building. From group housing in the rearing unit, on average, 3 gilts (1 to 7) were acquainted with each other. Each group of newly mixed gilts was composed of purebred Large White and purebred Pietrain gilts. Pietrain gilts made up an average of 42% (32% to 53%) of each test group.
In the gestation building there were 4 pens with a total space allowance of 71 m 2 each. The mean space allowance per gilt was 3.9 m 2 . All pens were constructed in the same way. Panels divided each pen into a slatted activity area and a solid floor resting area. Each gestation pen was equipped with 4 nipple drinkers and 1 electronic sow feeder (Mannebeck GmbH, Schüttdorf, Germany). For enrichment a scratch brush was installed in every pen. Animals were fed the same commercial pelleted diet (12.2 MJ ME) as on farm A. However, the amount was restricted to 2.8 kg feed per animal per day.
Behavior
Leaving the rearing building, gilts on both farms were moved to a testing pen in the breeding unit. In each case the continuous observation period started when the last gilt had entered the pen and lasted, adapted from Hellbrügge (2007), for 30 min. All gilts were individually marked by a double-sided, numbered ear tag. During the testing time the observer stood on farm A quietly inside the pen. On farm B the observer stood in an alley outside the pen, from where she had a good view of the whole test area. The test design was set up in a way to minimize labor costs and the disturbance of the daily workflow to meet requirements of commercial farming and breeding.
Aggression. During the observation period all aggressive encounters between the gilts were recorded by the observer. Aggressive encounters of the newly mixed gilts were subdivided into nonreciprocal aggression and reciprocal fighting (Hoy, 2009) . The delivery of nonreciprocal aggression was defined as an aggressive interaction, such as biting or snapping, directed toward another gilt Tönepöhl et al., 2013) . Gilts delivering nonreciprocal aggression to other gilts were recorded when the attacked gilt showed a submissive reaction, that is, turned away from the attacking gilt, fled, or was displaced from an area, instead of retaliating (Tuchscherer et al., 1998; Langbein and Puppe, 2004) . The identity of the attacked gilt was not recorded. The trait reciprocal fighting was defined as bilateral aggression between a minimum of 2 gilts. Reciprocal fights were displayed as bodily attacks such as "head-to-head knocks," "head-to-body knocks," "parallel-inverse parallel pressings," "biting," or "physical displacements" (Puppe, 1998) . For each reciprocal fight the involved gilts were noted. Gilts delivering nonreciprocal aggression to other gilts and gilts involved in reciprocal fighting received a score for the aggressive attack trait.
Statistical Analysis
The data analysis was performed with the statistical software SAS version 9.2 (SAS Inst. Inc., Cary, NC).
For the analysis of the aggressive attack and reciprocal fighting traits the following fixed effects were considered: farm (farm A or B), test batch (defined as a group of gilts, whose behavior was observed within a 9-wk period; 10 classes; considered as a fixed rather than a random effect because of computational considerations), the proportion of Pietrain gilts in a group of tested gilts (4 classes: less than or equal to 35%, greater than 35% up to and including 40%, greater than 40% up to and including 45%, and greater than 45% Pietrains per tested group), the number of animals that were acquainted with each other from the rearing unit, and the age of the tested gilts. An observer effect was not considered because all data were collected by the same person. The significance of the fixed effects and their interactions were tested with the procedure MIXED (SAS Inst. Inc., Cary, NC.)
Effects that were not significant were not included in the final models. These nonsignificant effects included, for example, the number of gilts that were acquainted with each other from the rearing unit.
For a better allocation numbers greater than 4 for the behavior trait aggressive attack were combined and counted as 4, and the numbers greater than 3 for reciprocal fighting were combined and counted as 3 for further statistical analysis.
The variance components and their corresponding ratios (heritabilities) of the behavior traits aggressive attack and reciprocal fighting were estimated univariately within a linear animal model using the VCE-4 package (Neumaier and Groeneveld, 1998) . On the basis of the significance of fixed effects from the mixed model analysis, the animal model for the observed behavior traits from the combined analysis of both farms included the fixed combined farm × test batch effect, with y being the respective dependent variable and e being the random error:
For observed behavior traits estimated separately for each farm the animal model included the parameter test batch as fixed effect, with y being the respective dependent variable and e being the random error:
The genetic correlations between the behavior traits were estimated bivariately using VCE-4 (Neumaier and Groeneveld, 1998) .
ReSUlTS
The number of aggressive attacks performed by a Pietrain gilt during the 30-min observation period varied in the combined analysis of both farms (n = 543) from 0 to 11, with a mean of 0.90 (SD 1.3). Pietrain gilts of both farms were involved in 0 to 7 reciprocal fights. The mean frequency of reciprocal fights was 0.59 (SD 0.9). Pietrain gilts from farm B performed numerically more aggressive attacks (mean 1.12, SD 1.4 vs. mean 0.71, SD 1.2) and reciprocal fighting (mean 0.78, SD 0.9 vs. mean 0.44, SD 0.8) after mixing with unacquainted animals compared to gilts from farm A. The investigated behavior traits showed a large interindividual variation, indicating that individual differences in aggressive behavior existed.
Of all tested Pietrain gilts on farm A 60.3% did not exhibit aggressive attacks during observation time. In comparison Pietrain gilts from farm B were involved in a higher frequency of aggressive attack. Only 40.7% of these gilts were not involved in any aggressive attack. On farm A 29.8% of the Pietrain gilts took part in reciprocal aggression, whereas 51.4% of all Pietrain gilts on farm B were seen at least once participating in reciprocal fights.
Fixed Effects
In the combined analysis of both farms the behavior traits aggressive attack (P ≤ 0.01) and reciprocal fighting (P ≤ 0.001) were significantly affected by the fixed combined farm × test batch effect.
Variance Components and Heritabilities
The estimated heritabilities of the observed behavior traits for the combined analysis of both farms were h 2 = 0.20 (SE = 0.06) for aggressive attack and h 2 = 0.16 (SE = 0.06) for reciprocal fighting. The additive genetic variance was σ 2 a = 0.25 for aggressive attack and σ 2 a = 0.12 for reciprocal fighting estimated for gilts of both farms together. The estimates of the residual variance for the combined analysis of both farms were σ 2 e = 1.02 for aggressive attack and σ 2 e = 0.53 for reciprocal fighting. On farm A the estimated heritabilities were at a low level compared to values of a medium magnitude estimated on farm B. The variance components estimated separately for the 2 farms are shown in Table 1 .
Genetic Correlation between the Behavior Traits
A high, positive genetic correlation (r g = 0.95, SE = 0.04) was found between the behavior traits aggressive attacks and reciprocal fighting for the combined analysis of both farms.
The correlations between the behavior traits were, for both farms, at a high positive level with low standard errors (farm A: r g = 1.00, SE = 0.02; farm B: r g = 0.96, SE = 0.03). However, with these correlations, a part-whole relationship between the behavior traits aggressive attack and reciprocal fighting has to be considered; that is, they are expected to be high because gilts participating in reciprocal fighting were, by definition, also recorded for the behavior trait aggressive attack.
Between the behavior traits estimated for farm A and the behavior traits estimated for farm B positive genetic correlations were estimated. The genetic correlations between the same trait measured on farm A and on farm B were complete (r g = 1.00) for both traits (aggressive attack and reciprocal fighting).
DISCUSSION

Behavior Traits and Effects
The test setup for aggressive behavior at mixing of unfamiliar gilts was based on a study by Hellbrügge (2007) . Turner et al. (2010a) stated that for economic reasons the phenotyping of a trait such as postmixing aggressiveness in pigs for selection purposes must take less than 2 min. The present study was designed in a way that behavior traits were easy to record with little extra time and work required. For example, the observation period was set to a total of 30 min per mixing of the unfamiliar gilts. Therefore, data collection of the behavior traits fit under production conditions, which is a prerequisite for a trait to be considered as a possible selection criterion in pig breeding.
The level of aggression may vary among environments; this has been shown inter alia in mice (Haemisch et al., 1994) , humans (Miles and Carey, 1997) , and pigs (e.g., van de Weerd and Day, 2009). Krauss (2011) suggested that the pen design, space allowance per animal, management, and animal-related factors influence the frequency of aggressive interactions. For the combined analysis of both farms in the present study the combined effect of the farm × test batch showed considerable influence on the behavior traits. A key reason for this effect could be the differences in the housing systems or physical environment. The housing system of farms A and B differed regarding the feeder design, feeding regimen, flooring design, and mean space allowance per gilt. Although with the present study design it was, unfortunately, impossible to tease apart the impact of the individual components, each of these differences in housing conditions or combinations thereof may have resulted in the observed differences in the expression of agonistic behavior. For example, feed was available on farm A from early in the beginning of the test, and therefore, it could be assumed that the gilts' motivation to feed masked some of the motivation to fight. It is also important to consider that the gilts on farm A were familiar with the type of feeder in the quarantine pen, whereas the pens on farm B were equipped with electronic sow feeders, which were unfamiliar to the animals. Furthermore, the flooring system of the 2 farms differed considerably. Results of various studies differ regarding the effect of flooring system and bedding on aggressive interactions (Matthews and Ladewig, 1994; Andersen et al., 1999; Salaün et al., 2002) . Generally, it is suggested that provision of bedding aids in reducing agonistic interactions after mixing of unacquainted pigs (Spoolder et al., 2009 ). These findings are in line with results from the present study: gilts bedded with wooden shavings (farm A) showed a lower level of aggression compared to those kept without bedding (farm B).
Numerous studies reported decreased aggression in connection with increasing space allowance as well as visual barriers (Weng et al., 1998; Barnett et al., 2001; Stukenborg, 2011) . Nevertheless, compared to gilts on farm A, gilts on farm B were more aggressive during the observation period despite a slightly greater space allowance and the presence of visual barriers. However, in the present study gilts on either farm were offered ample space, exceeding the space allowance required by law.
In addition to differences in the physical environment there are likewise differences in the social environment of the gilts. For pigs group size has an effect on the level of aggressive behavior (Rodenburg and Koene, 2007) . Arey and Franklin (1995) reported that the amount of fighting in newly mixed growing pigs increased with the number of unfamiliar pigs in the pen. In a study by Turner et al. (2001) pigs from groups of 80 were less aggressive to unacquainted conspecifics than pigs from groups of 20 individuals, where they could still recognize familiar animals. However, more fights occurred after mixing in groups of 6 and 12 animals than in groups of 24 pigs, and the percentage of pigs participating in reciprocal fighting was lower in the largest group (Andersen et al., 2004) . The quality of humananimal interactions can limit the productivity and welfare of these animals. Because of former positive human contact and gentle handling, gilts on farm A were not afraid of the presence of the quietly standing observer. Hemsworth et al. (1986) observed that pigs approached the experimenter significantly more often when he stood passively in the test area than when the pigs were actively approached.
The design of the present study did not allow for a separate investigation of the effects of differences in feeding management, bedding, space allowance, and group composition. Therefore, no conclusions about the relative contribution of the different factors can be drawn.
Some authors suggest that a standardized environment, which allows all animals equal opportunities to show their phenotype, is a basic prerequisite for successful phenotyping of traits (Turner et al., 2010b) . It might be that not all gilts had the opportunity to show their "real" phenotype, or in contrast, the absence of a familiar feeder and bare food may have led to higher levels of agonistic interactions.
Variance Components
The present study showed differences in the heritability of the behavior traits aggressive attack and reciprocal fighting estimated for a genetically closely linked Pietrain population, tested under 2 different housing conditions.
The residual variances for aggressive attack and reciprocal fighting estimated for farm A were in the range of the estimated values of residual variance from farm B. In contrast, the values of additive genetic variance tended to differ between the 2 farms. For this reason the reduced phenotypic variance and the marked differences in the estimated heritabilities between farms A and B seem to be caused by lower additive genetic variance in farm A.
The moderate heritabilities of aggressive attack and reciprocal fighting estimated on farm B were in the range of the estimated heritabilities for offensive aggression of sows in groups (h 2 = 0.17 to 0.24; Løvendahl et al., 2005) . Turner et al. (2006) assessed postmixing aggressiveness of pigs by using an approach based on skin lesion scores. The authors calculated heritabilities (h 2 = 0.11 to 0.22) that are within the range of the results of the present study. A moderate heritability for aggressive behavior of purebred Landrace sows in a provoked stress situation was calculated by Hellbrügge (2007) . Moderate to high heritabilities were found for the delivery of nonreciprocal aggression (h 2 = 0.31 and 0.34, respectively) and reciprocal aggression (h 2 = 0.43 and 0.47, respectively) in growing pigs . In agreement with the results from farm A in the present study, Stukenborg (2011) estimated heritabilities of low magnitude for agonistic behavior traits of gilts, whereas Stukenborg (2011) found moderate heritabilities for participating in fights in growing pigs. Lush (1945) recommended that animals be kept for selection in environments in which they will be used in practice so that preferable genes have a chance to express their effects. In contrast, other authors propose that selection should be practiced in the most favorable environment to improve the accuracy of selection due to greater expression of genes of interest (Hammond, 1947) . Superior environmental conditions are expected to result in improved production traits at the phenotypic level, allowing for better distinction between animals' production potential at the genetic level. However, in the present study there were lower additive genetic variances under the superior housing conditions, indicating that the assumption by Hammond (1947) may not hold for all types of traits. In particular, traits with undesirable effects on production parameters, such as detrimental behavior or susceptibility to diseases, can be expected to be better expressed under challenging housing conditions that are suboptimal rather than superior from a production point of view. Falconer (1952) introduced the concept of a genetic correlation between performances in different environments and used the ratio of indirect and direct responses to selection to determine the optimum environment for selection. The direction in which environment affects aggression, however, appears to differ between and within species (Haemisch et al., 1994; van Loo et al., 2002; van de Weerd and Day, 2009) .
The results of the present study emphasize that it is difficult to compare results of different studies, not only because of varying definition of the traits, experimental setups, and analysis methods but also because of the pronounced effect of management on the phenotypic expression of animals' genetic potential. Because of the differences in expression of genetic potential detected in the present study a challenging testing area appears to be required to obtain a good expression of the observed traits, as otherwise genetic differences may be hidden.
Genetic Correlations
For gilts from both farms high, positive genetic correlations could be found between the behavior traits aggressive attack and reciprocal fighting. Despite the partwhole relationship between the 2 behavior traits, it can be concluded that the strongly associated behavior traits share a common genetic basis.
A high, positive genetic correlation, indicating that reciprocal aggression and delivery of nonreciprocal aggression in pigs share a similar genetic background, was found in several studies in pigs (Turner et al., 2008 ) as well as other species, such as mice (van Oortmerssen et al., 1984) .
A positive genetic correlation (r g = 0.28 to 0.50; ) between skin lesion scores 24 h and 3 wk after mixing indicates that selection to reduce aggression at mixing would also reduce aggression in the weeks after group formation, suggesting that aggressiveness may be reduced in several contexts rather than that specifically in response to regrouping (Rodenburg and Turner, 2012) . Therefore, it could be deduced that selection for reduced aggression in gilts also has a positive effect on group behavior of older sows.
The high genetic correlations between the same traits measured on the 2 different farms imply that although the behavior traits were observed under different housing conditions, they seem to be in part genetically controlled by the same genes. Because of the small sample size in the present study it can be assumed that the genetic correlations will decrease if a larger amount of behavioral data is available. Nevertheless, it can be expected that the genetic correlations will still remain at a high level. The concept of a genetic correlation between performances in different environments can be used as a measure of ranking difference due to genotype × environment interactions (Falconer, 1952) . Robertson (1959) considered a genetic correlation of r g = 0.8 as a limit; values below this limit were associated with genotype-environment interactions. On the basis of these values there seem to be no appreciable genotype × environment interactions in the present study. From this it even be deduced that the selection of parents in 1 environment may also optimize progeny behavior in another environment.
Low to moderate heritabilities could be estimated for the behavior traits aggressive attack and reciprocal fighting in newly mixed Pietrain gilts. A clear difference in the additive genetic variance could be found between the 2 farms, despite a genetically closely linked population and utilization of the same behavior traits and even the same observer. Selection for reduced aggression in group-housed animals seems to be feasible and desirable to improve the welfare of the animals. Nevertheless, before observed behavior traits can be included in the breeding criteria, it will be important to observe possible genetic associations with other traits with welfare or economic significance.
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